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FIG. 3 (PRIOR ART)
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FIG. 4 (PRIOR ART)
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FIG. 5A (PRIOR ART)

FIG. 5B (PRIOR ART)
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FIG. 7
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1

PHOTOLITHOGRAPHIC PROJECTION
SYSTEMS INCLUDING GRATING MASKS
AND RELATED METHODS

FIELD OF THE INVENTION

The present invention relates to the field of microelec-
tronics processing. and more particularly to photolitho-
graphic processing.

BACKGROUND OF THE INVENTION

According to a conventional photolithographic projection
technique, a photosensitive layer is formed on a layer which
is to be patterned. For example, the photoresist layer can be
formed on an insulating layer, a metal layer, or any other
layer to be patterned. This photosensitive layer has a solu-
bility which is changed by exposure to radiation such as
visible light, ultraviolet light, an electron beam., or x-rays.

The photosensitive layer is selectively exposed to light
and developed to leave a portion of the photoresist layer
having a predetermined pattern. Accordingly., portions of the
layer below the patterned photoresist layer are now selec-
tively exposed and can be etched using the patterned pho-
toresist layer as a mask. After etching. the predetermined
pattern is thus transferred from the patterned photoresist
layer to the layer beneath.

For the fabrication of highly integrated circuits such as a
256M dynamic random access memory (DRAM). krypton-
fiuoride (KrF) eximer laser photolithography using off-axis
illumination (QAI) methods may be used. Further improve-
ments may be obtained by using Advanced Tilted Iliumina-
tion on Mask (ATOM) methods. According to an ATOM
method, light is projected at a different angle by modifying
the aperture of the light exposure system., or light is diffrac-
tively illuminated using a grating mask, so that the depth of
focus (DOF) and resolution can be increased. The depth of
field is a range up and down from the center of the focus of
light transmitted from the mask over which patterns can be
transferred.

FIG. 1A illustrates the depth of field of a diffraction
limited system with interference between zeroth-order, +1st-
order, —1st-order diffracted light. The light 11 is generated
by a light source and diffracted while passing through the
photomask 12. The diffracted light is again focused by lens
14. Here, the zeroth-order diffracted light travels vertically
with respect to the lens 14 while the —1st-order and the
+1st-order diffracted light travel at predetermined angles
with respect to the zeroth-order diffracted light.

When the vertically incident zeroth-order diffracted light
and the obliquely incident —1st-order and +1st-order dif-
fracted light are focused by the lens 14, the printable focal
position can be varied from F1 to F2 depending on the
maximum diffraction angle of the —1st-order and +1st-order
diffracted light. Accordingly. the zeroth-order diffracted
light has a path difference from D1 to D2, and the —1st-order
and +1st-order diffracted light have a path difference from
DI1' to D2. The light transcribed thus interferes cither
destructively or constructively as a function of the path
differences.

When the light interferes destructively. no pattern is
transcribed on the wafer. Accordingly, the focal position
should be located at a range that the light does not interfere
destructively so that patterns can be transcribed onto the
wafer.

When the focal position is varied from F1 to F3. path link
differences of the zeroth-order diffracted light and the +1st-
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order diffracted light change from D1 to D3 and from D1' to
D3 respectively. This change is the same as that which
results when the focal position is changed from F1 to F2. If
the focal position is located in the range from F2 to F3
(called the depth of focus), patterns can be transcribed onto
the wafer. The patterns can also be transcribed onto the
wafer when the focal position is located outside of the depth
of focus. In this case, however, the aberration is a more
dominant factor than the diffraction. If the pattern size is
larger than the aberration, the pattern can be printed. If the
pattern size is on the order of that of the diffraction region.
however, it cannot be printed.

FIG. 1B illustrates the interference of the light for each of
the illustrated focal positions F1, F2 and F3. As shown. the
light intensity varies depending on the interference between
the zeroth-order diffracted light and the —Ist-order and
+1st-order diffracted light when the focal positions are
located at F1, F2, and F3. When there is no phase difference
between the zeroth-order diffracted light and the —1st-order
and +1st-order diffracted light. the light intensity is ampli-
fied by the constructive interference. In contrast, when the
phase of the zeroth-order diffracted light is opposite that of
the —1st-order and +1st-order diffracted light. the light
intensity is zero as a result of the destructive interference.

FIG. 2A illustrates the depth of focus when the zeroth-
order diffracted light is not focused. In particular, light 11
from the light source is diffracted by the photomask 12. Of
the diffracted light. only the —1st-order and +Ist-order
diffracted light is focused by the lens 14 and the zeroth-order
diffracted light is not focused. In this case. the —1st-order
and +1st-order diffracted light have the same path length
and, as a result., the same phase. Accordingly, the —1st-order
and +1st-order diffracted light reach the focal point with the
same phase irrespective of the position of the focal point.
The depth of focus thus becomes infinite because the
destructive interference (which requires differing path
lengths) does not occur.

FIG. 2B illustrates the interference of light as a function
of the focal positions F1. F2 and F3 of FIG. 2A. As shown.
the light intensity is amplified as a result of the constructive
interference because the —1st-order diffracted light and the
+1st-order diffracted light are always in the same phase.

FIG. 3 illustrates a conventional off-axis illumination
system including a light source 20, an aperture 22, a con-
denser lens 24, a photomask 26. an objective lens 28. and a
wafer 30 on which a predetermined pattern is to be tran-
scribed from the photomask. In the off-axis illumination
system. the depth of focus is deepened by improving the
structure of the aperture.

The light from the light source 20 passes through the
aperture 22, the condenser lens 24. and the photomask 26.
This light is focused by the objective lens 28 and then
illuminated on the wafer 30. One component of the incident
—1Ist-order and +1st-order diffracted light strays from the
objective lens 28. Thus, only the remainder component of
the —1st-order and +1st-order diffracted light and the zeroth-
order diffracted light are illuminated on the wafer 30.

If the diameter of the light-transmitting range on the
aperture used in the projection exposure sysiem is 1. the
aperture used in the conventional off-axis illumination sys-
tem may intercept the light over an area corresponding to a
diameter of 0.8. In this case. the light-transmitting range has
a light intensity of 34% when compared to the aperture used
in a general illumination system.

The aperture used in the off-axis illumination system has
a center region which is covered to remove the vertically
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incident component of a light, thereby reducing the amount
of the focused light. Accordingly, the exposure time and the
light intensity should be increased to prevent deterioration of
the pattern transcribed on the wafer.

FIG. 4 illustrates a system for implementing the ATOM
projection method discussed above to improve the conven-
tional off-axis illumination method. In this figure. a grating
mask 32 diffracts the vertically incident component of the
light at a predetermined angle. In particular, light from the
light source 20 passes through the aperture 22 and is then
incident on condenser lens 24 and photomask 26 on which
the grating mask 32 is mounted. The light transmitted from
the photomask 26 is focused by the objective lens 28 and
then illuminated onto the wafer 30.

According to the ATOM method, the central region of the
aperture is not covered, and the amount of light focused by
the objective lens 28 is equal to that of the general illumi-
pation method. The grating mask, however, is adapted to
diffract the vertically incident component of the light at a
predetermined angle thereby achieving the same result as
that of the off-axis illumination method.

Particular grating masks for diffracting the vertically
incident component of light are shown in FIGS. 5A and SB.
FIG. 5A illustrates a dipole grating mask on which raised
portions and depressions are formed in a layer of a material
which can be the same as the material used for the substrate
of the mask. The raised portions and depressions can be
formed by selectively removing portions of the grating
substrate. The dipole grating mask is a non-light-
interception-layer mask.

FIG. 5B illustrates a quardrupole grating mask on which
raised portions and depressions are provided in a quadrilat-
eral lattice shape. The raised portions and depressions can be
formed using the same material as used to form the sub-
strate. The quardrupole grating mask is also a non-light-
interception-layer mask.

According to the ATOM method, a grating pattern is
formed on the rear surface of the photomask. or a manu-
factured grating mask is attached to the photomask.
Accordingly. a separate grating mask is required for each
photomask thereby increasing the cost of photomask pro-
duction. In addition. it may difficult to inspect the photomask
once the grating mask has been attached thereto or formed
thereon.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
improved photolithographic projection systems and meth-
ods.

This and other objects are provided according to the
present invention by a photolithographic projection system
including a radiation source and a grating mask. The radia-
tion source projects radiation along a path through a pho-
tomask toward a wafer. The grating mask is positioned along
the radiation path and is separate from the photomask.
Accordingly. a single grating mask can be used to provide
off-axis illumination regardless of the number of photo-
masks which can be used in the system.

The grating mask can be spaced apart from the
photomask. and it can be positioned between the radiation
source and the photomask. In addition, the grating mask can
be located between blinds which are located adjacent the
radiation path, or the system can include a fly’s eye lens
positioned along the radiation path between the grating mask
and the photomask.

According to another aspect of the present invention, a
method for transferring a predetermined pattern from a
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photomask to a wafer can include the step of projecting
radiation along a path through a grating mask and the
photomask toward the wafer. In this method. the grating
mask is separate from the photomask.

According to the present invention, off-axis illumination
can be provided by a photolithographic projection system
using only one grating mask and any number of photomasks.
Accordingly. it is not necessary to manufacture a large
number of photomasks, and each photomask and the grating
mask can be inspected separately.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic view illustrating the depth of focus
when the zeroth-order diffracted light and the —1st-order and
+1st-order diffracted light are focused according to the prior
art.

FIG. 1B is a graphical view illustrating the interference of
the light as a function of the focal positions of FIG. 1A.

FIG. 2A is a schematic view illustrating the depth of focus
when the zeroth-order diffracted light is not focused accord-
ing to the prior art.

FIG. 2B is a graphical view illustrating the interference of
the light as a function of the focal positions of FIG. 2A.

FIG. 3 is a schematic view illustrating an off-axis illumi-
nation system according to the prior art.

FIG. 4 is a schematic view showing an ATOM system
according to the prior art.

FIG. 5A is a perspective view of a dipole grating mask
according to the prior art.

FIG. 5B is a perspective view of a quardrupole grating
mask according to the prior art.

FIGS. 6-8 are schematic views illustrating a photolitho-
graphic projection system according to the present inven-
tion.

FIG. 9 is a schematic view illustrating a telecentric
exposure method for a photolithographic projection system
according to the present invention.

DETAILED DESCRIPTION

The present invention will now be described more fully
hereinafter with reference to the accompanying drawings. in
which preferred embodiments of the invention are shown.
This invention may, however, be embodied in many different
forms and should not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete.
and will fully convey the scope of the invention to those
skilled in the art. In the drawings. the thicknesses of layers
and regions are exaggerated for clarity. Like numbers refer
to like elements throughout.

FIGS. 6-9 each illustrate a photolithographic projection
system wherein light 60 from the light source passes through
a fly’s eye lens 62. an aperture 64, an intermediate lens 66.
a blind 68, a condenser lens 70, a photomask 72, an objective
lens 74, a wafer 76. and a grating mask 80. The grating mask
diffracts a vertically incident component of the light as
discussed in detail further below.

In the system of FIG. 6, the grating mask 80 is separate
from the photomask 72 and spaced therefrom. The light 60
from the light source is sequentially transmitted through the
fly's eye lens 62, the aperture 64, the intermediate lens 66,
the blind 68. and the condenser lens 70. The vertically
incident component of the transmitted light is diffracted
when transmitted through the grating mask 80. The dif-
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fracted light transmitted from the photomask 72 is focused
by the objective lens 74 and illuminated on the wafer 76. In
particular, the light from the light source is diffracted by the
grating mask 80 which is located on a side of the photomask
72 opposite the wafer 76. Accordingly. a vertically incident
component of the light incident on the mask 72 is
eliminated. and only the component of the light having an
oblique incident angle is transmitted to the photomask 72.
Accordingly. the benefits of the off-axis illumination method
can be obtained without requiring a cover over the central
portion of the aperture.

In FIG. 7, the grating mask 80 is mounted between the
blinds 68. Light 60 from the light source is sequentially
transmitted through the fly’s eye lens 62, the aperture 64, the
intermediate lens 66, the grating mask 80, the condenser lens
70. and the photomask 72. This light is then focused by the
objective lens 74 and illuminated on the wafer 76. The light
transmitted through the intermediate lens 66 is diffracted by
the grating mask 80 which is provided between the blind 68.
Again, a vertically incident component of the light is elimi-
nated and only the obliquely incident component of the light
is transmitted to the condenser lens 70. Again. the benefits
of off-axis illumination can be realized without requiring a
central portion of the aperture to be blocked.

In FIG. 8, the grating mask 80 is mounted onto the fly’s
eye lens 62. The light 60 from the light source is diffracted
by the grating mask 80, thereby climinating a vertically
incident component of the light and thus only illuminating
the wafer with an obliquely incident component of the light.
Again, the benefits of the off-axis illumination method can
be achieved without lowering the efficiency of the light.

As opposed to the partially covered aperture used in the
conventional off-axis illumination method, the apertures
used in the photolithographic projection systems of FIGS.
6-8 arc uncovered. The use of an uncovered aperture
reduces loss of the incident light. The grating mask 80
diffracts the incident light thereby reducing a vertically
incident component of the light and transmifting only
obliquely incident components of the light to the wafer.
Either a transmission mask and a phase-shift mask can be
used as the photomask 72.

FIG. 9 illustrates a telecentric exposure method using a
photolithographic projection system of the present inven-
tion. In particular, light from the light source is transmitted
through the fly’s eye lens 62, the first intermediate lens 63,
the grating mask 80 located between blinds 68, a second
intermediate lens 69, and condenser lens 70 before passing
through the photomask 72. According to the telecentric
exposure method. a principle ray 90 passing through the
center of the blind 68 is vertically incident upon the second
intermediate lens 69 and then vertically transmitted from the
condenser lens 70. From the condenser lens 70, this prin-
ciple ray is applied to the exposure apparatus of the present
invention.

A photolithographic projection system according to the
present invention has the advantage that only one grating
mask is required for any number of photomasks used in the
system. In addition, the position of the grating mask within
the system can be varied. Thus, a separate grating mask is
not required for each photomask. In addition. the photomask
and the grating mask can be inspected separately as these
masks are located separately.

In the drawings and specification, there have been dis-
closed typical preferred embodiments of the invention and.
although specific terms are employed. they are used in a
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generic and descriptive sense only and not for purposes of
limitation, the scope of the invention being set forth in the
following claims.

That which is claimed:

1. A photolithographic projection system for transferring
a predetermined pattern from a photomask to a wafer, said
photolithographic system comprising:

a radiation source which projects radiation along a path

through the photomask toward the wafer;

a grating mask positioned along the radiation path. said

grating mask being separate from the photomask; and
blinds adjacent the radiation path wherein said grating
mask is located between said blinds.

2. A photolithographic projection system according to
claim 1 wherein said grating mask is spaced apart from the
photomask.

3. A photolithographic projection system according to
claim 1 wherein said grating mask is positioned between
said radiation source and the photomask.

4. A photolithographic projection system for transferring
a predetermined pattern from a photomask to a wafer, said
photolithographic system comprising:

a radiation source which projects radiation along a path

through the photomask toward the wafer;

a grating mask positioned along the radiation path, said

grating mask being separate from the photomask; and

a fly’s eye lens positioned along the radiation path

between said grating mask and the photomask.
5. A photolithographic projection system according to
claim 4 wherein said grating mask is chosen from the group
consisting of a dipole grating mask and a quardrupole
grating mask.
6. A photolithographic projection system according to
claim 4 further comprising an aperture through which the
radiation path passes.
7. Amethod for transferring a predetermined pattern from
a photomask to a wafer, said method comprising the step of:
projecting radiation along a path through a grating mask
and the photomask toward the wafer. wherein said
grating mask is separate from the photomask wherein
said projected radiation passes through blinds and
wherein said grating mask is located between said
blinds.
8. A method according to claim 7 wherein said grating
mask is spaced apart from the photomask.
9. A method according to claim 7 wherein said grating
mask is positioned on a side of the photomask opposite the
wafer.
10. A method for transferring a predetermined pattern
from a photomask to a wafer, said method comprising the
steps of:
projecting radiation along a path through a grating mask
and the photomask toward the wafer. wherein said
grating mask is separate from the photomask; and

passing said projected radiation through a fly’s eye lens
positioned along the radiation path between said grat-
ing mask and the photomask.

11. A method according to claim 10 wherein said grating
mask is chosen from the group consisting of a dipole grating
mask and a quardrupole grating mask.

12. A method according to claim 10 wherein the photo-
mask is chosen from the group consisting of a transmission
mask and a phase-shifting mask.
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